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Total occlusion of the left main coronary artery was confirmed on review
of the coronary angiograms in 12 (0.06 percent) of the 20,197 patients
entered into the Coronary Artery Surgery Study (CASS) before coronary
arterial surgery. Clinical features alone could not distinguish the patients
with total occlusion of the left main coronary artery from those enrolled
in the CASS with sublotal stenosis of this vessel. The right coronary artery
had a stenosis greater than or equal to 70 percent of luminal diameter in
7 of the 12 patients. Collateral flow to the left coronary artery was defined
as ‘‘substantial” or “limited’”” based on the presence or absence of clear
visualization of the main channel of either the left anterior descending or
left circumflex coronary artery during coronary angiography. Of the eight
patients with “‘substantial” collateral flow, one (13 percent) had an an-
eurysmal or dyskinetic left ventricular wall segment, whereas all (100
percent) of the three patients with “limited” collateral flow had dyskinesia
or an aneurysm (p <0.05). Seven patients underwent coronary bypass
graft surgery; 6 (86 percent) of these patients were living at their most
recent follow-up, a mean of 46 months after entry into the CASS. Two of
these patients continued to have angina pectoris. Five patients did not
undergo coronary bypass grafting and 2 (40 percent) were still alive at
their most recent follow-up, a mean of 45 months after entry into the CASS.
One of these patients had angina pectoris. The difference in survival be-
tween the medical and surgical groups was not statistically significant.
This study indicates that patients with total occlusion of the left main
coronary artery are uncommon and cannot be distinguished by presenting
features alone from patients having subtotal stenosis of the left main
coronary artery. “Substantial” coronary collateral blood tlow is associated
with better left ventricular wall motion than is “limited” collateral flow.
Prolonged survival and lessening of symptoms may occur after coronary
bypass grafting although long-term survival is possible without it.

Total occlusion of the left main coronary artery is rarely demonstrated
with coronary angiography. Previous reports!2 have indicated that the
risk of death in patients who have subtotal left main coronary arterial
stenosis is related to the severity of luminal narrowing. Because complete
occlusion of the left main coronary artery is the ultimate degree of ste-
nosis of this vessel, the clinical course of patients with this lesion is of
interest. Although 53 patients with total occlusion of the left main cor-
onary artery believed to be caused by atherosclerosis have been described
to date, each of the reported series®17 has had a small number of pa-
tients. The large number of patients in the Coronary Artery Surgery
Study (CASS) provides an opportunity to delineate the frequency of
total left main coronary occlusion, to deseribe further the clinical and
angiographic patterns of this entity and to make observations regarding
therapy.

Methods

Patients: The CASS is a multicenter project designed to define the long-term
results of medical and surgical therapy in well defined subsets of patients with

June 1982 The American Journal of CARDIOLOGY Volume 49 2003



TOTAL LEFT MAIN CORONARY OCCLUSION—ZIMMERN ET AL.

coronary artery disease. Comprising the study are 15 partic-.
ipating clinical sites and a coordinating center (see Appendix).
At each clinical site all consenting patients who underwent
cardiac catheterization for suspected or proved coronary ar-
tery disease were enrolled in the CASS. Patients found to have
heart disease other than coronary artery disease were ex-
cluded. Patients with normal coronary arteries were not ex-
cluded.

Details of data acquisition and storage in the CASS have
previously been described in detail. 1819 In brief, the clinical
information for the CASS patients was obtained and sys-
tematically recorded by staff cardiologists at the various
clinical centers. Follow-up information was obtained at yearly
intervals and recorded by staff cardiologists or specially
trained research assistants. The clinical and follow-up data
were stored in computerized records.

For this study the CASS records were retrieved and ana-
lyzed for the patients diagnosed as having a totally occluded
left main coronary artery. In addition, medical records of the
patients with this entity were obtained from the patients’
physicians or hospitals and were examined. The cumulative
CASS registry, acquired between August 1975 and June 1979,
contained 20,197 patients who had not undergone coronary
surgery at the time of entry into the study. In this group 18
patients were coded as having a totally occluded left main
coronary artery. Coronary and left ventricular cineangiograms
of each of these patients were reviewed in detail by two of the
three principal authors. Coronary anatomy and left ventric-
ular wall motion were analyzed without reference to the
original interpretation made at the time of entry into the
CASS. Two patients were found to have extremely high grade
stenosis of the left main coronary artery but did not satisfy the
criteria for total occlusion and were thus excluded from this
study. Also excluded werg one patient with total occlusion of
both the proximal left anterior descending coronary artery and
the left circumflex coronary artery but a patent left main
coronary artery, one patient whose occlusion was in the
proximal left anterior descénding coronary artery, a patient
who had a single coronary artery arising from the right coro-
nary sinus and one patient whose films were lost. Thus 12
patients or 0.06 percent of those enrolled in the CASS before
any coronary surgery had confirmed total occlusion of the left
main coronary artery. These 12 patients form the present

study group and constitute the largest reported series of this
entity.

In addition there were 1,495 patients enrolled in the CASS
with 50 to 99 percent stenosis of the left main coronary ar-
tery. The clinical data in this group were analyzed and com-
pared with data in the group having total occlusion of the left
main coronary artery.

Clinical and angiographic assessment: Clinical func-
tional classification of angina pectoris was made using the
criteria of the Canadian Cardiovascular Society.2® Unstable
angina was defined as onset of chest pain less than 2 months
before entry into the CASS, a changing pattern of pain, angina
at rest, or the occurrence of an episode of chest pain lasting
longer than 30 minutes associated with ischemic electrocar-
diographic changes with no evidence of acute myocardial in-
farction.

Coronary stenosis was graded as a percent reduction of
internal diameter. For the 12 patients with total occlusion of
the left main coronary artery, the final assessment of coronary
narrowing was reached by consensus of the principal au-
thors.

Left ventricular wall motion was assessed from cinean-
giograms of the left ventricle which were obtained in 11 of the
12 patients. The right anterior oblique view was obtained in
all 11 patients and the left anterior oblique view in 5. The left
ventricular wall outline in each view was divided into five
segments and each segment was analyzed separately. Hypo-
kinesia of a wall segment was defined as reduced systolic
contraction of the segment, akinesia as no systolic movement
of the segment, dyskinesia as an outward bulge of the segment
in systole and aneurysm as a persistent diastolic outline de-
formity in the left ventricular wall segment plus systolic aki-
nesia or dyskinesia involving that segment.

Statistical analysis: Continuous variables were compared
utilizing the nonpaired Student’s ¢ test. Dichotomous vari-
ables were compared utilizing Fisher’s exact test.

Results

Clinical data (Table I): The mean age of the 12
patients with complete occlusion of the left main coro-
nary artery was 58.8 years (range 44 to 80). Ten patients
were male and two were female. All patients were white.

TABLE |
Clinical Features of 12 Patients With Total Occlusion of the Left Main Coronary Artery
Angina History of
Age Serum
{yr) C.Cs. Duration Cardiac Risk Chol
Case & Sex Class* Unstable yr)f Mi CHF Arrest Factors (mg/di)
1 53M 1]l - 0.3 - - - Cig., FH ?
2 46M 1 - 0.4 - - - Cig. 192
3 74M v - 3.0 + + - HBP ?
4 62F. Il - 9.0 - - - Cig., HBP, FH 267
5 80M v - 6.0 - - - Cig. 170
6 47M v + 25 + - - Cig. 155
7 44M No angina - - - Cig., FH 246
8 55M v + 9.0 + - - Cig. 277
9 72M n - 14.0 + + - Cig., HBP ?
10 68M n - 3.0 + + - Cig., HBP ?
11 45M I + 0.1 - - - Cig. 298
12 60F \% + 1.5 + — - Cig., HBP, FH 398

* Functional classification of angina at time of enroliment in CASS. T Time from onset of angina to enroliment in CASS. o
C.C.S. = Canadian Cardiovascular Society; CHF = congestive heart failure; Chol = cholesterol; Cig. = cigarette use; FH = family history; HBP
= high blood pressure; Ml = myocardial infarction; ? = not reported; + = present; — = absent.
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TABLE I

Clinical Characteristics of Patients With Total and Subtotal
Stenosis of the Left Main Coronary Artery (LMCA)

100% LMCA

50-99% LMCA

{(n=12) (n = 1495)
Angina pectoris: 11(92%) (90%)
Class | 0 (4%)
Class Il 1(8%) (21%)
Class Ill 5(42%) (36%)
Class IV 5(42%) (22%)
Unrelated to exertion 0 7%
Unstable 4(33%) 36%
Duration of chest pain (yr) 44+13 5.0+01
History of :
Myocardial infarction 6(50%) {(41%)
Congestive heart failure 3(25%) (11%)
Cardiac arrest 0 (4%)

Risk factor analysis revealed that 11 patients had
smoked cigarettes, 5 had a history of hypertension, none
had a history of diabetes mellitus and 4 had a family
history of coronary artery disease. T'otal serum choles-
terol averaged 250 mg/dl in the eight patients for whom
values were reported.

Presenting complaints and certain historical fea-
tures in the group of patients with total left main cor-
onary occlusion as well as those of the larger group of
patients with subtotal left main coronary stenosis are
summarized in Table II. Although most patients in both
groups had marked angina pectoris there were no sig-
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nificant differences between the two groups in preva-
lence, severity or duration of the angina or in previous
history of myocardial infarction, congestive heart failure
or cardiac arrest.

Physical examination generally revealed normal
findings. Except for a third heart sound in one patient
(Case 9), there was no evidence of left or right heart
failure at the time of entry into the study. Chest radi-
ography revealed cardiomegaly in five patients.

Cardiac catheterization and angiographic data:
The extent of stenosis in the right, left anterior de-
scending and left circumflex coronary arteries in the 12
patients with total occlusion of the left main coronary
artery are listed in Table III. Coronary angiography
revealed visible calcium in the left main coronary artery
in 9 of the 12 patients in whom this vessel was occluded.
A cul-de-sac greater than 2 mm in length was found in
10 of these 12 patients. Figure 1 shows two examples of
the coronary angiographic appearance of the left main
coronary artery. The first frame (Fig. 1, top, Case 4)
reveals tapering of the lumen of the vessel down to a
complete occlusion. In contrast, the left coronary cusp
injection from another study (Fig. 1, bottom, Case 1),
shows complete occlusion of the ostium of the left main
coronary artery.

The right coronary artery in all cases in this series
was dominant (that is, extended into the left atrioven-
tricular groove) and supplied the intercoronary coilat-
eral vessels that filled the left coronary arteries. Figure
2 shows an example of a large right coronary artery with

Coronary and Left Ventricular Angiographic Findings in 12 Patients With Total Occlusion of the Left Main Coronary Artery

Degree of Stenosis in Other Coronary Arteries*®

Left Ventricle

Left Anterior Pressure Worst Abnormality
Case Right Descending Left Circumfilex {mm Hg) of Wall Motion
1 80% prox, 20% dist, 90% 90% mid Prox not vis. 100/15 Mod Hypokinesia
PDA, 60% PLB, 80% R marg
2 30% prox, 30% mid, 30% Prox not vis., mid Prox & dist t
dist, 30% R marg & dist small size poorly vis.
3 30% prox, 80% R marg 90% prox, 90% mid 95% prox, 70% dist, 100/25 Aneurysm
80% 1stL marg
4 50% PDA 100% prox, 80% mid, No lesions 125/18 Akinesia
80% dist
5 50% prox, 70% mid, Not vis. Not vis. 100/6 Dyskinesia
95% PDA
6 95% mid Poorly vis. Not vis. 85/25 Dyskinesia
7 20% mid Prox not vis. Not vis. except 120/10 Akinesia
1st L marg
8 100% dist, 100% PLS Prox not vis., Not vis. except 105/5 Mod Hypokinesia
50% mid istL marg
9 Multiple discrete No lesions No lesions 225/35 Akinesia
aneurysmal '
dilations
10 50% prox, 70% mid Poorly vis. Prox not vis., dist 115/30 Aneurysm
poorly vis.
11 20% prox, 20% mid No lesions No lesions 135/23 WNL
12 90% prox, 80% mid, Prox not vis. Poorly vis. 125/24 Akinesia

60 % dist, 10% PDA,
70% PLB

* Percentages refer to degree of luminal narrowing. T No left ventriculogram performed.
Dist = distal segment; L marg = left (obtuse) marginal branch artery; mid = middle segment; mod = moderate; PDA = posterior descending
artery; PLB = posterolateral branch artery; PLS = posterolateral segment artery; prox = proximal segment; R marg = right (acute) marginal branch

artery; vis. = visualized; WNL = within normal limits.
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rich collateral flow (Case 2). The right coronary artery
had a stenosis of 70 percent or greater in 7 of the 12
patients (stenosis in the main channel in 6 and in an
acute marginal branch that supplied collateral channels
to the left anterior descending coronary artery in 1). The
left coronary arterial branches had clearly observed
stenoses of 70 percent or greater in 3 of the 12 patients,
in 2 there appeared to be no significant stenoses, and in
the other 7, the left-sided vessels were not visualized
well enough to describe precisely the degree of ste-
nosis.

Left ventricular contrast injection was made in 11
of the 12 patients (Table III). The left ventricular
contraction pattern appeared normal in one patient.

FIGURE 1. Angiographic appearance of totally occluded left main
coronary arteries (LMCA) from coronary cineangiograms. Top, Case
4. Right anterior oblique view of a selective left coronary injectiqn re-
veals gradual tapering to a complete occlusion.:Bottom, Case 1. Left
anterior oblique view of a left cusp injection reveals occlusion at the
ostium.

Among the remaining 10, the most severe abnormality
of wall motion was moderate hypokinesia in two pa-
tients, akinesia in 4 and dyskinesia or aneurysm in 4.
Mitral regurgitation was not found in any patient. The
left ventricular end-diastolic pressure averaged 20 mm
Hg.
The relation between coronary collateral circulation
and left ventricular wall motion was analyzed. “Sub-
stantial” collateral flow was said to exist when at least
part of the main channel of either the left anterior de-
scending or the left circumflex coronary artery was well
seen. “Limited” collateral flow was said to be present
when no part of either main channel could be well seen.
Among the eight patients with “substantial” collateral

FIGURE 2. Case 2. Selective right coronary angiogram in the right
anterior oblique view reveals a large right coronary artery (RCA) and
copious collateral flow to the left coronary system. LAD = left anterior
descending coronary artery; LCX = left circumflex coronary artery.

101
05 No aneurysm
8 or dyskinesis
. Aneurysm
E or dyskinesis
w 64
o
g p<0.03
44
24

""Substantial” “Limited"
COLLATERAL FLOW

FIGURE 3. Relation of coronary collateral flow to left ventricular wall
motion. “Substantial” collateral flow is associated with less severe wall
motion abnormalities than in “limited”” collateral flow. See text for
definition of terms. p = probability.
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Follow-up Data in 12 Patients With Total Occlusion of the Left Main Coronary Artery

Most Recent Follow-Up

Mi
Months of Follow-Up Since Angina
Case CABG Surviving (survival before death) Entry {class) CHF
1 + + 23 - - -
2 + + 48 - - -
3 + + 59 - - -
4 - + 42 + + (I +
5 - - (3.4)
6 + + 36 - +(*) -
7 - + 48 - - -
8 + + 48 - + () -
9 + - (2)
10 - - (0.3)
11 + + 60 - - -
12 - — {0.03)
* Anginal-like chest pain unrelated to activity.
CABG = coronary bypass graft surgery; CHF = congestive heart failure; Ml = myocardial infarction; + = yes; — = no.

flow only one (13 percent) had an aneurysmal or
dyskinetic left ventricular wall segment, compared with
all three patients with “limited” collateral flow (p <0.05)
(Fig. 3). Although only three of the 8 patients with
“substantial” collateral flow had 70 percent or greater
stenosis of the right coronary artery, all three patients
with “limited” collateral flow had at least one stenosis
greater than or equal to 70 percent in the main channel
of the right coronary artery.

Follow-up (Table IV): Of the 12 patients with total
occlusion of the left main coronary artery, 8 were alive
at their most recent follow-up examination, an average
of 45 months (range 23 to 60) after entry into the CASS.
Four patients died an average of 1.4 months after entry
into the CASS. The mean age of entry in the study was
53.3 years for survivors and 70 years for nonsurvivors
(p <0.05). Seven of the eight survivors and all four of the
nonsurvivors presented with angina pectoris. The du-
ration of angina before entry into the study averaged 3.5
years in survivors and 6.1 years in nonsurvivors; the
duration of the presenting level of symptoms was 0.26
year in survivors and 0.83 year in nonsurvivors. Neither
of these differences is statistically significant.

Effect of surgery: The group of patients with total
left main coronary artery occlusion who underwent
coronary arterial bypass graft surgery was compared
with the group that did not have surgery (Fig. 4). Of the
seven surgically treated patients, six (86 percent) were
alive at their most recent follow-up examination, a mean
of 46 months after entry into the CASS. Only two of
these patients continued to have angina pectoris, and
none had sustained a myocardial infarction. In contrast,
of the five patients not undergoing coronary bypass
graft surgery, two (40 percent) were still alive a mean
of 45 months after entry into the study. One of these
medically managed patients was still having angina and
this patient had also had a subsequent myocardial in-
farction. The difference in survival between the surgical
and the nonsurgical group was not statistically signifi-
cant. The coronary bypass graft surgery was performed

June 1982 The American Journal of CARDIOLOGY Volume 49

a mean of 6.7 days (range 1 to 20) after coronary angi-
ography.

The one death among the patients who underwent
coronary bypass graft surgery was due to a subarach-
noid hemorrhage 61 days after entry into the CASS and
60 days after the surgery. Of the three patients who did
not have coronary bypass graft surgery and who sub-
sequently died, all died of cardiac causes a mean of 38
days after entry into the CASS.

The selection of patients for coronary surgery was
not randomized. One patient had no symptoms so
surgery was not recommended. One patient had a fatal
cardiac arrest 1 day after catheterization while making
her decision about the coronary bypass operation her
physicians had recommended. Three patients were not
considered surgical candidates because of small and
diffusely diseased distal coronary arteries. Poor left
ventricular function in one of these three patients and
severe peripheral vascular disease in another also played
a role in the clinicians’ decisions. The mean age at the
time of entry into the CASS was 56.0 years (range 45 to
74) for the surgical group and 62.8 years (range 44 to 80)
for the nonsurgical group.

Non survivors
Survivors

No. OF PTS.

| L

CABG NO CABG
FIGURE 4. Mortality data for patients with total occlusion of the left main
coronary artery grouped into those who underwent coronary bypass

graft surgery (CABG) and those who did not. The length of follow-up time
after entry into CASS is noted for the survivors. m = months.

2007
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Discussion

Prevalence: Total occlusion of the left main coronary
artery was found in this study in 0.06 percent of the
patients registered into the CASS who had no prior
history of coronary surgery. Other reports®-17 of patients
with this lesion have also documented its infrequent
occurrence (from less than 0.01 to 0.4 percent of all pa-
tients undergoing cardiac catheterization at various
centers). Mehta et al.1° found the left main coronary
artery totally occluded in 6 (1 percent) of 625 patients
with class III or IV angina or unstable angina pectoris
evaluated by coronary angiography.

A separate analysis of the CASS data! and a study by
Conley et al.2 point out that patients with more severe
degrees of left main coronary artery narrowing have a
greater risk of death than do those with less severe ob-
struction. The highest grade of stenosis of an artery is
total occlusion of the vessel. Conceivably, the low
prevalence of patients with total left main coronary
occlusion is due to the death of most people with this
lesion before they undergo cardiac catheterization.

An alternate explanation for the rarity of total left
main coronary occlusion rests on the observations of
many workers®11.21-23 that patients with atherosclerotic
lesions in the left main coronary artery usually have
similar lesions in other coronary arteries. Possibly the
narrowing of these other coronary vessels in most pa-
tients with left main coronary artery disease causes
death or leads to significant symptoms and a visit to a
physician before a subtotal left main coronary arterial
stenosis can progress to a complete occlusion.

Symptoms: Most patients with complete occlusion
of the left main coronary artery in this study presented
with severe angina of relatively long duration. This
finding has been reported by others+?.811-13,15-17
However, historical features did not distinguish patients
with total occlusion of the left main coronary artery in
this series from those in the CASS with subtotal stenosis
of this vessel. One patient (Case 7) did not have chest
pain or a history of myocardial infarction (although left
ventricular wall motion abnormalities were present).
Goldberg et al.!3 presented a somewhat similar patient
with total occlusion of the left main coronary artery and
only mild angina with severe exertion.

Coronary angiographic findings: Analysis of the
left anterior descending and left circumflex coronary
arteries revealed definite atherosclerotic lesions in three
patients in this study as well as no apparent lesions in
two patients. However, in the majority of patients an-
giographic visualization of the left coronary circulation
was inadequate to define precisely the extent of lesions
distal to the left main coronary artery. Possible expla-
nations for this poor visualization include (1) a low
volume of collateral flow from a diseased right coronary
artery into the left coronary vessels, and (2) severe ste-
nosis in the left coronary vessels that blocked the dis-
tribution of the collateral flow that was present.

In contrast, the right coronary artery was well seen
in all cases. The degree of atherosclerosis in this vessel

was highly variable, with 7 of the 12 patients having at
least one area of 70 percent or greater narrowing. A re-
view of published cases of total left main coronary ste-
nosis also reveals a broad spectrum of extent of right
coronary artery disease. Although the three patients in
our report with limited collateral flow had severe right
coronary arterial stenosis, three of the eight with sub-
stantial collateral flow also had a major right coronary
narrowing. These patients, whose entire myocardial
blood supply must flow through a diseased right coro-
nary artery, would appear to have a particularly high
risk of myocardial infarction and death. In fact, the
three patients in this series who had significant right
coronary lesions (70 percent or greater narrowing) but
did not undergo coronary bypass graft surgery all sub-
sequently died within 3.4 months of enrollment in the
CASS (Cases 5, 10 and 12).

Role of coronary collateral circulation: The im-
portance of human coronary collateral circulation in
providing myocardial flow is controversial.2425 Although
estimation of the quantity of collateral flow is imprecise,
we considered it reasonable to separate patients with
substantial collateral flow from those with limited col-
lateral flow on the basis of whether or not at least part
of the main channel of the left anterior descending or
left circumflex coronary artery was well seen after
contrast injection into the right coronary artery. We
then found that the left ventricular wall motion was
significantly better in patients with substantial than in
those with limited collateral flow. Hamby et al.? used
a similar grading system for coronary collateral flow in
evaluating patients with complete occlusion of the left
anterior descending coronary artery. They found that
“significant” collateral channels were associated with
enhanced preservation of anterior left ventricular wall
motion. These results indicate that coronary collateral
vessels may be at least partially effective in supplying
blood flow to ischemic myocardium.

Follow-up—role of coronary surgery: Of the seven
patients with total occlusion of the left main coronary
artery who underwent coronary bypass grafting, 6 (86
percent) are surviving at the time of this report. Only
two have angina pectoris and none has had a subsequent
myocardial infarction. In contrast, of those five patients
treated medically only two (40 percent) are alive; one
of these continues to have angina and this patient sus-
tained a myocardial infarction during the follow-up
period. However, the difference in survival between the
surgical and nonsurgical groups did not reach statistical
significance. In addition, the selection of patients for
surgery was not randomized. The medical and surgical
groups did not have comparable coronary anatomy or
left ventricular wall motion. Hence, one cannot conclude
with certainty that surgical therapy is the treatment of
choice for patients with complete left main coronary
arterial occlusion,

The five most recently reported series of patients with
total occlusion of the left main coronary artery!3-17 also
document a good prognosis after coronary arterial sur-
gery. A total of 19 patients in these series were treated
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surgically and 17 were surviving at the time their cases
were reported with the follow-up period ranging from
6 weeks to 5.5 years. Three patients were treated med-
ically in these series and two were alive when their cases
were reported 4 and 40 months after catheterization.
Again, there was no attempt at randomization in these
groups of patients. Thus, although surgical management
has not been rigorously proved to be superior to medical
treatment in patients with total occlusion of the left

TOTAL LEFT MAIN CORONARY OCCLUSION—ZIMMERN ET AL.

main coronary artery, the favorable responses to oper-
ation in this and other series suggest coronary bypass
graft surgery is a reasonable therapeutic option for pa-
tients with this uncommon lesion.
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APPENDIX

Operating Clinical Sites

University of Alabama in Birmingham: William J.
Rogers, MD,* Richard O. Russell, Jr., MD, Albert Oberman,
MD, Nicholas T. Kouchoukos, MD. Albany Medical Col-
lege: Julio A. Sosa, MD,* Martin F. McKneally, MD,*
Thomas Older, MD, Eric Foster, MD, Joseph Mclllduff, MD.
Loma Linda University: Melvin P. Judkins, MD,* Patrick
M. Moloney, MD. Boston University: Thomas J. Ryan,
MD,* Robert L. Berger, MD, Laura Wexler, MD, David P.
Faxon, MD, Donald A. Wiener, MD. Marshfield Clinical
Foundation for Medical Research and Education: William
Myers, MD,* Richard D. Sautter, MD,* John N. Brownell,
MD, Dieter M. Voss, MD, Robert D. Carlson, MD. Massa-
chusetts General Hospital: J. Warren Harthorne, MD,* W.
Gerald Austen, MD, Robert Dinsmore, MD, Frederick Levine,
MD, John McDermott, MD, Frederick Poulin, MD. Mayo
Clinic and Mayo Foundation: Robert L. Frye, MD,* Hugh
C. Smith, MD, Ronald E. Vliestra, MD, Richard Fulton, MD.
Miami Heart Institute: Arthur J. Gosselin, MD,* Parry B.
Larsen, MD, Paul Swaye, MD. Montreal Heart Institute:
Martial G. Bourassa, MD,* Jacques Lesperance, MD, Bernard
R. Chaitman, MD, Claude Goulet, MD, Claude M. Grondin,
MD. New York University: Ephraim Glassman, MD,* Mi-
chael Schloss, MD, O. Wayne Isom, MD. St. Louis Univer-
sity: George Kaiser, MD,* J. Gerard Mudd, MD,* Hendrick
B. Barner, MD, John E. Codd, MD, Hillel M. Laks, MD, Denis

H. Tyras, MD, Robert D. Weins, MD, Vallee L. Willman, MD.
St. Luke’s Hospital Center, New York: Harvey G. Kemp,
Jr., MD,* Airlie Cameron, MD. Stanford University: Edwin
L. Alderman, MD,* James F. Silverman, MD,* Edward B.
Stinson, MD. Medical College of Wisconsin: Felix Trisanti,
MD,* Robert J. Flemma, MD, Harold Brooks, MD. Yale
University: Lawrence S. Cohen, MD,* Alexander Geha, MD,
Graeme L. Hammond, MD, Rene Langou, MD, Richard K.
Shaw, MD.

Coordinating Center

University of Washington: Lloyd D. Fisher, PhD,* Mary
Jo Gillespie, MS, Kathryn Davis, PhD, J. Ward Kennedy,
MD, Richard Kronmal, PhD
Central Electrographic Laboratory

University of Alabama in Birmingham: Thomas Shef-
field, MD
Chairman of Steering Committee

Henry Ford Hospital, Detroit, Michigan: Thomas Kil-
lip, MD
National Heart, Lung, and Blood Institute

Michael B. Mock, MD; Ivar Ringqvist, MD; Peter Frommer,
MD
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